In a study designed to assess the effects of acute emotional stiess on the carbohydrate and lipid metabolism of patients with diabetes mellitus, stress was induced under hypnosis by having the patient abreact the most unpleasant situation of his life. The effects of this stress on blood glucose levels, plasma free fatty acid levels, urinary glucose excretion and urine volume were determined by collecting blood and urine samples at half-hourly intervals during a period of stiess and comparing these observations with similar determinations made during a control period. Statistically significant decreases in blood glucose levels during stiess were observed. Increases in plasma free fatty acids and urine volume were also observed, but not at levels of statistical significance. The decrease in blood glucose levels could not be explained by an increase in urinary glucose excretion. 
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Method Diabetic patients were selected (by their willingness to participate) from the Diabetic Clinic of the University of Colorado Medical Center. The 6 patients studied ranged in age from 39 to 50 years. Four of the subjects were brittle diabetics, 3 of whom had had a juvenile onset. Two had had mature onset and were obese. Of the latter, 1 was poorly controlled on oral hypoglycemic agents. The remaining patients were receiving insulin. The type and dosage of insulin, and the time of the injections for each patient during the study were as shown in Table 1 .
The group consisted of 3 men and 3 women, none of whom was in any way abnormally emotionally disturbed at the time of the study. Each patient remained in the Clinical Research Ward of the University of Colorado Medical Center for 2 weeks. The first 5 days were utilized as a period of adaptation of the patient to the hospital environment. 4 At the same time optimal 
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dietary requirements and insulin dosages were established (and these were then kept constant through the remainder of the experiment). During the following 3 days a psychiatric history was obtained and the patient was asked to recount the most unpleasant experience of his life (that he was able to recall). During the remaining time of hospitalization, 4 days were set aside as test days, consisting of 2 control days and 2 days during which the patient was placed under hypnotically induced acute emotional stress. On the control days the patients were first hydrated by being given 300 cc. of water every hour from 9 A.M. until 1 P.M. From 2 P.M. until 5 P.M. the patients remained recumbent and relaxed. A slow saline intravenous infusion was maintained during the test period in order to obtain blood samples at frequent intervals. During this period blood samples were drawn every half hour for measurement of blood glucose and plasma free fatty acid levels. The patient was asked to urinate at the same time intervals, and total urine volume as well as urinary glucose excretion were determined. Each patient reported anxiety on the first control day due to initial exposure to the intravenous drip in his arm. This anxiety was not present on the second control day, with the result that a considerably higher degree of relaxation was achieved. For this reason, those determinations made on the second control day were used in each case for purposes of comparison with those observations made on the remaining test days. The blood glucose levels were measured by the glucose oxidase method, 17 while the plasma free fatty acids were determined by a modification of the Dole method. 2 Urine glucose measurements were determined by the method of Saloman and Johnson.
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The remaining 2 test days differed from the control days only in that during the period from 2 P.M. to 2:30 P.M. the patient underwent hypnosis without the inducement of any emotional stress, while from 3 P.M. till 4 P.M. the patient was under hypnosis with induced emotional stress. Hypnosis was induced by the relaxation of muscle groups consecutively from the lower to the upper portion of the body. The experience of abreaction was reinforced by the hypno-tist throughout this period from 3 P.M. to 4 P.M., so that the patient remained constantly stressed.* The patient was reassured that he would not have to report verbally any of his experiences during this period of hypnosis and stress unless he so wished. All of the patient's reactions during this time were closely observed and carefully recorded, as were his comments at the termination of this period. Figure 1 shows the pattern of a representative study of the blood glucose levels observed in one of the subjects during the hypnotically induced emotional stress.
Results
During the period of hypnotically induced stress, each patient showed varied outward manifestations of stress, including weeping, moaning, groaning, sighing, verbalizations such as asking to stop, and varied movements including rapid breathing, moving of the head, twitching, writhing, swallowing, and fist-clenching. An attempt was made to keep movement and speech to a minimum by specific instructions from the hypnotist that the patient try not to move or to talk. This was done in order to avoid the effects of exercise on blood glucose and free fatty acids.
At the termination of stress, each patient willingly reported what he had experienced. In each case the most unpleasant situation coincided with that reported previously during the patient's interviews. The patient's reactions to the experience of stress and abreaction varied from, "It was not too bad," to "That was really terrible." Several of the patients expressed considerable anger towards the experimenters for what they had experienced. Figure 2 shows the mean blood glucose levels during hypnotically induced stress and those during the same time period on the control day. Since the subjects were for the most part brittle diabetics, it was expected that even with the relative degree of control obtained the blood glucose levels observed at 2 o'clock or the beginning of each test day would not be comparable. Therefore, in order to attain the fairest criteria for comparison and make the data more meaningful, the hypnosis day which most closely approximated the second control day in original blood glucose levels was chosen (Table 2) .
On the basis of percentage changes in blood glucose shown in Table 2 , the blood glucose showed a significant decrease during the period of hypnotically 
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Bypnosi,istress period
"Values are for the period between 3 P.M. mid 4 P.M. "Minus" indicates a decrease in blood glucose levels; "plus," an increase.
induced emotional stress (p less than .025) as compared to that of the second control day. Though a decrease was seen in the blood glucose levels during the period of hypnotic trance without induced stress, this was not statistically significant. The direction of change in the blood glucose levels observed on the first control day, was the same as that observed during hypnotically induced stress. However, since the degree of anxiety induced by the hypnosis was far greater than that by the intravenous drip, a proportionately greater lowering of blood glucose was observed under hypnotically induced stress (a mean decrease of 31.2% under hypnosis, as compared to a mean of 19.0% on the first control day-not statistically significant).
Similarly, increases (also not statistically significant) were seen in plasma free fatty acids (Fig. 3 ) and in the urinary volume during the period of hypnosis and stress when compared with the same period on the control day. These increases were not observed during the period of hypnosis without induced stress.
There is insufficient evidence to explain why the level of free fatty acids rose from 3 o'clock until 5 o'clock, particularly in the light of the coincident fall in blood glucose. However, similar curves have been seen with diabetic pa-
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tients when in insulin-induced hypoglycemic reactions, but on these occasions the rise was not observed until levels of hypoglycemia were reached. 10 Though the initial mean free fatty acid figure  (Fig. 3A) was lower on the stress day as compared to the control day, this was not at a level of statistical significance.
No significant change in urinary glucose excretion was observed at any time, even during the period of blood glucose decrease. All statistical measurements were determined through a double-tailed Student's t test for matched pairs.
Discussion
With the evidence at hand, it is difficult to explain the decrease in blood glucose during hypnotically induced emotional stress. Increased urinary excretion of glucose did not appear to account for the changes in blood glucose observed. It is possible that the rate of gluconeogenesis is decreased during a period of stress. In this regard one would have to postulate either an increase in effective circulating insulin levels or a diminution of corticosteroid secretion during stress. Previous studies have shown that hypnosis per se might cause a decrease in the plasma 17-hydroxycorticosteroid levels.
14 ' 1C> Other studies indicate that urinary and plasma 17-hydroxycorticosteroid levels are elevated under various conditions of stress except in those subjects whose ego defenses were sufficiently strong to minimize the degree of stress experienced.
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It should be emphasized, however, that these studies were performed with normal subjects rather than diabetic patients. If these factors were, however, to hold true for diabetic patients as well as normal subjects, then a rise in blood glucose levels would be predicted in each case. Particularly noteworthy, therelore, in these diabetic patients is not onlv that the blood glucose level was altered but that it fell rather than rose.
3 30 4 00 TIME IN HOURS
The second major possibility to account for the lowering of glucose levels during stress is an increased rate of disposal of glucose. This could occur in the setting of increased anaerobic or aerobic glycolysis. It is conceivable that more glucose is being stored in the form of glycogen in the liver, or that glucose is combining with free fatty acids in adipose tissue to form triglycerides. Although there is no evidence directly pertaining to this point, it seems unlikely that the organism would be storing glucose at times of increased need-that is, during emotional stress. On the other hand, it could be postulated that the emotional stress might cause a generalized increase in body metabolism, or more specifically, carbohydrate and lipid metabolism, thereby increasing glucose disposal. The authors are currently extending this study to include the measurement of other parameters of carbohydrate and lipid metabolism in an attempt to answer better some of the above speculations.
It should be noted that, in performing these studies, the duration of stress extended for at least 20-30 min. Failure to sustain stress longer than 20 min. might be one of the major reasons why previous investigators did not observe significant changes in blood glucose levels.
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There are four major limitations in interpreting the data given here. First, although not statistically significant, the induction of the hypnotic trance of itself lowered the blood glucose level. It is conceivable that the following additional lowering of blood glucose was not due to emotional stress per se but represented a delayed effect of the hypnotic trance. Secondly, it is possible that the hypnotic state alters the individual's capacity to respond to life stresses and/or that hypnotically induced emotional stress may not be totally equivalent to emotional reactions experienced on nonhypnotic levels. Third, in these studies there is no way to measure or regulate the magnitude of stress and its effect upon the patient. One has to assume that the experiences recalled by the patients were indeed quite stressful and that the changes in physiological parameters observed were therefore meaningful. Finally, previous studies have indicated that increased muscle activity can produce-a change in blood glucose levels. In 1924, Gordon and associates 7 found the blood sugar to be moderately diminished in 2 and markedly diminished in 4, of 11 marathon runners studied at the end of a race. Jenkins observed a fall in mean blood sugar from 81.5 to 66.0 mg.% in normal subjects who had walked on a treadmill for V,i hr., at a gradient of 1/10 and a speed of 3K mph. 10 However, the effect of mild exercise upon blood glucose in diabetic subjects has not been studied in detail, but it has been clinically observed that patients who are receiving insulin therapy are more likely to develop hypoglycemic reactions during and following mild activity. 12 In normal subjects, the glycogenolysis of the liver satisfies the metabolic demands of the peripheral tissues in mild exercise and there is relatively little disturbance of the blood sugar. In diabetics receiving insulin, however, carbohydrate utilization may proceed so rapidly that it may exceed glycogenolysis, and hypoglycemia may ensue. 15 Goldstein, 0 and Dulin and associates, 3 in separate studies, have suggested that there exists a possible humoral factor produced by working muscles which is responsible for the lowering of blood glucose observed with exercise. At first glance it would seem that the quantity of muscle activity seen in the previous investigations described above is considerably greater than that seen in this experiment during the period of stress. Nevertheless, it must be recognized that accurate measuring or recording of the patients' muscular activity in this experiment was not undertaken. Movements seen during the periods of stress, though kept momentary and to a minimum by the hypnotist's instructions, were still in excess of those seen during both of the control periods. Furthermore, the inhibition of movement by
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each patient in compliance with the hypnotist's instructions, may have been accomplished at the expense of isometric contractions and thus may have involved considerable muscle activity. It can not be definitively stated, therefore, that part or even all of the decrease in blood glucose levels during the period of stress could not have been due to increased muscle activity.
Summary
The effects of hypnotically induced acute emotional stress on blood glucose levels, plasma free fatty acid levels, and urine glucose levels were measured in 6 patients with diabetes mellitus. Stress was induced under hypnosis by having the patient abreaet the most unpleasant situation of his life. All of the patients' reactions during the period of stress were closely observed and carefully recorded, as were their comments at the termination of this period. The laboratory determinations were made on blood and urine samples taken at li-hr. intervals. These were compared with similar determinations made during a control period and during a period of hypnosis without induced stress. Each patient reported the period of stress as being an unpleasant experience and showed outward manifestations of stress during this period. However, both the unpleasantness of the experience and the outward manifestations varied in form and degree. Statistically significant decreases in blood glucose levels were observed during the period of hypnosis and stress. Increases in plasma free fatty acids and urine volume were also observed during the same period but not at levels of statistical significance. Since the decrease in blood glucose was not accompanied by an increase in urinary glucose, other possible explanations as to how the lowering of glucose levels might occur were considered and discussed. Some possible limitations of the interpretation oi the data were discussed.
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Appendix
Typical Experimental Session W.A. was a 43-year-old white male who stated during his interviews that the worst experience of his life occurred at the age of 15, when he, with another boy, decided to run away from home. Shortly after leaving, his diabetes went completely out of control and he suffered diabetic ketoacidosis. He vividly recalled awakening in the hospital, knowing that he had done something wrong, feeling guilty and ashamed, and, because he felt so sick, being extremely frightened that he was going to die.
In the present investigation of the first control day an intravenous drip was started on the patient at 2 P.M. At 3 P.M. the patient asked if he could smoke a cigarette, stating that the "intravenous made him nervous" and he felt that "smoking a cigarette might calm my nerves." On the second control day the patient showed no evidence of such anxiety and slept through the afternoon except at those times when blood and urine samples were being obtained. He confirmed these clinical impressions by stating that he felt much more relaxed on the second day.
At 2 P.M. on both hypnosis days, the patient was hypnotized without difficulty and, until 2:30 P.M., was encouraged to rest and be as relaxed and peaceful as possible. At 2:30 P.M. the hypnosis was stopped and the patient allowed to relax and sleep as he had on the previous control days. At 3 P.M. he was again hypnotized, being told beforehand that at some time in the afternoon the experiment might be emotionally unpleasant for him. He was not told when or in what way this was to happen. The experimenter then induced stress by addressing the patient as follows.
I'm going to ask you to think about something in a minute. Before you start, I want to give you instructions. I'll ask you to think about something very unpleasant in your life-something that has happened to you that has upset you a great deal. This should be the most unpleasant situation you can recall that you have ever been in. You will not have to tell me what you have thought about unless you want to so that you may feel free to go over in your mind any details you care to. Remember, this is to be the most unpleasant situation you have ever been in. I want you to think about this harder than you have ever thought about anything else and to recall every detail you can. Keep thinking about this constantlydo not stop for a second-do not stop until I tell you you may. All right, go ahead.
Stress was then maintained by the use of the following supplementary instructions, which were frequently and periodically repeated:
Keep thinking hard-you can do better than you are now. Try not to move or to talk, just concentrate as hard as you can. Go over and over the situation, detail by detail, again and again-you will remember more about it each time. Remember how you felt when it happened; you are beginning to feel the same way again. The more you think about this, the more it seems that it is happening again and you are right there, living through it again.
On the first hypnosis day the patient quickly showed obvious outward signs of stress. His breathing became rapid and shallow. He developed violent ticlike movements in his face and twitching of his arm and shoulder muscles. He emitted loud whining and moaning sounds and generally gave the impression of severe agitation. This continued until 4 P.M., at which time the period of hypnosis was terminated. The patient was then reassured that nothing more of an unpleasant nature was going to happen to him and was encouraged to relax and sleep for the rest of the afternoon just as he had on the previous clay. He was then asked if the experience had been unpleasant and he replied, "You're darn right it was." He was then asked if he would report what experience he had recalled. He replied, "I thought of the time that I ran away from home." In reply to how he had felt during the hour, he stated, "Almost sick. It was terrible." At 4 P.M. and at 4:30 P.M. the patient was unable to give a urine specimen, stating that he was too anxious to be able to urinate. He asked if he could smoke in order to help him relax and was given permission to do so. He was unable to sleep, however, and considerably later in the evening remarked to the nurses that he was still a bit upset by what he had experienced in the afternoon.
A very similar reaction due to the inducement of stress was seen on the second hypnosis day, with the addition of other manifestations of stress. The patient appeared to shiver frequently, his teeth chattered, and on two separate occasions, he cried out that he was cold. He coughed several times, frequently seemed to be experiencing trouble swallowing, and made gulping movements and noises. At 4 P.M. the patient stated that he had recalled his previous feelings exactly as he had experienced them at the age of 15. He said that he had felt "sick, as if I was vomiting again" and "cold again." That evening the patient reported to the nurses that he was again upset and on this occasion angry at the experimenters for having made him go through such a horrible experience.
During the period of hypnotically induced stress, a drop in this patient's blood glucose level was observed that was 33% greater than that demonstrated during the same time interval on the second control day.
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